INTRODUCTION
Racial disparities in access to kidney transplantation in the United States are well recognized among adults and the causes are multifactorial, including biologic, socioeconomic and cultural factors [1] . Fewer studies have examined disparities in pediatric end-stage renal disease (ESRD); however, findings parallel adult studies, with black (vs. white) children experiencing reduced access to deceased donor waitlisting [2] as well as lower rates of preemptive [3] and living donor transplants [4] . The root causes of disparities in pediatric kidney transplantation remain elusive [2, [4] [5] [6] [7] . This review highlights several articles published in 2012 that specifically address the interplay of race/ethnicity, socioeconomic status (SES) and biology and consider the impact of social structures and health care systems on access to kidney transplantation along the continuum of the transplant process. 2010 [8] . In addition, in September 2005, the United Network for Organ Sharing instituted the Share 35 allocation policy to provide priority allocation of organs from deceased donors younger than 35 years to pediatric kidney transplantation waiting list candidates younger than 18 years of age [9] . This policy was designed to promote the timely allocation of high-quality deceased donor organs to children. The policy was temporally associated with greater human leukocyte antigen (HLA) mismatching and a substantial shift in the distribution of donor source toward a greater proportion of deceased donor organs [10 && ,11-13] . This review will consider racial and ethnic disparities in the context of the continuum of the transplant process, from referral to donor selection to transplantation and transplant survival. The role of national public health policies in reducing these disparities will also be addressed.
RACIAL DIFFERENCES IN THE STEPS TO PEDIATRIC KIDNEY TRANSPLANT
Transplantation is a process starting with recognition of renal disease progression and ending with long-term care of patients and allografts. There are many steps in between, including referral, evaluation, listing and organ receipt. Each step may pose distinct barriers to achieving the desired outcome of transplantation and must be considered singularly as a place where disparities may arise.
Recently, Patzer et al. [14 && ] sought to better characterize along which steps in the pediatric kidney transplantation process racial disparities occur.
The authors examined racial/ethnic differences in overall time from ESRD start to deceased donor kidney transplant (DDKT) among incident ESRD patients younger than 21 years in the United States, 2000-2008. Two main substeps were examined, including access to the waiting list after incident ESRD, and access to DDKT among waitlisted patients. The authors also compared subjects 0-17 years with emerging adults 18-20 years.
In models adjusted for clinical, demographic and SES factors (including insurance and neighborhood poverty), black (vs. white) children (0-17 years) were 10% less likely to proceed from incident ESRD to DDKT, including lower rates of waitlisting and DDKT once waitlisted (Table 1) 
]. Hispanic (vs. white) children younger than 18 years experienced lower probability of proceeding from incident ESRD to DDKT, but had a similar rate of moving from waitlisting to DDKT. Importantly, Hispanic access to waitlisting after incident ESRD varied significantly by insurance status; uninsured Hispanics were 43% less likely to waitlist at any given time compared with uninsured whites.
Limited access to insurance posed a significant barrier to waitlisting for Hispanics but not for blacks. The reasons for this are unclear. Recent studies suggest that, among Hispanic children, language barriers and immigration status pose unique barriers to accessing insurance coverage, having a medical home and attaining subspecialty referrals [15] [16] [17] [18] . These factors may preclude the coordinated medical care needed for waitlisting.
Another distinctive finding from this study is that disparities worsen for emerging adults. Among subjects 18-20 years of age, in multivariable models, blacks (vs. whites) were 40% less likely to proceed from incident ESRD to DDKT, including 16% less likely to waitlist and 39% less likely to move from the waiting list to DDKT (Table 1) . Similarly, Hispanics (vs. whites) were significantly less likely to proceed from ESRD to DDKT and from waitlisting to DDKT. Again, insurance status significantly impacted the probability of Hispanic access to the waiting list. Emerging adults have previously been recognized as a group at heightened risk for allograft failure [19, 20] , but little is known about their kidney transplantation access in comparison with younger patients. In the United States, young adults are more likely to lack health insurance coverage and a usual source of medical care compared with older adults [21, 22] . Although in Patzer's study there was a higher proportion of uninsured subjects 18-20 years old vs. 0-17 years, insurance status did not explain the observed disparity.
Patzer et al. note several differences in the medical treatment received across racial/ethnic
KEY POINTS
Recent studies that examine racial/ethnic differences in pediatric kidney transplant access suggest that social structures and the contextual factors of socioeconomic status play an important role in disparities.
Future approaches to reduce disparities in pediatric kidney transplant access must delineate the root causes of disparities along the continuum of the transplant process, from the time of renal disease recognition through the long-term follow-up of patients and allografts.
Public health policies must address the disparate distribution of resources needed for children with renal disease to attain optimal long-term health, including not only equitable access to health care but also equitable access to education, employment and healthy social environments.
groups. First, blacks and Hispanics had more anemia but less use of erythropoietin-stimulating agents preceding diagnosis of incident ESRD. In 2005, the CMS 2728 form was revised to capture several new data elements, including access to pre-ESRD nephrology care. Among the ESRD patients younger than 20 years from 2005 to 2008, only 53.2% Hispanics had pre-ESRD care vs. 63.3% blacks and 68.7% whites. Additionally, among DDKT waitlisted candidates, 21.9% of whites were waitlisted preemptively vs. only 10.9% of Hispanics and 12.8% of blacks. Preemptive kidney transplantation requires early recognition of kidney disease progression and thus necessitates early access to care. In a study of 111 children in Austria, those with at least 12 months of pre-ESRD nephrology care were significantly more likely to receive preemptive kidney transplantation (odds ratio 2.5; 95% confidence interval (CI): 1.06-5.91) vs. those with less than 1 year of care [23] .
Further, the authors note racial disparities in access to living donor kidney transplantation (LDKT), such that blacks were 69% less likely [hazard ratio (HR) 0.31; 95% CI: 0.27-0.34] and Hispanics 53% less likely (HR 0.47; 95% CI: 0.43-0.52) to receive LDKT at any given time compared with whites. In adults, many barriers to living donation among minority patients have been cited, including donor factors, such as preexisting medical conditions, fear of surgery and financial concerns, and recipient factors, such as reluctance to ask potential donors, distrust of the medical community and lack of awareness about living donor benefits [24] . In addition, poverty has long been recognized as an adverse social determinant of health [25] [26] [27] . No studies have specifically examined barriers to living donation among family members of children with ESRD, though there are many stressors associated with poverty that might pose unique barriers to attaining a living donor source for a child in need of a transplant [26] . Although health care reform and the expansion of public insurance coverage for children have increased health care use and reduced out-of-pocket health care spending for lowincome families [28] , it has not eliminated household financial hardship. A recent study suggests that public insurance access does not significantly improve other deeply seeded problems of poverty, such as food insecurity and housing problems [29] . Low-income families may be particularly vulnerable to the financial burdens of living donation, as they are more likely to lack substantial savings [30] .
Lastly, Patzer et al. showed that even after pediatric minority patients overcame the hurdle of placement on the waiting list, they remained at a significant disadvantage for obtaining a DDKT. This finding persisted in a substudy that excluded patients listed inactively. Neither clinical, demographic nor SES factors appeared to influence transplant access once patients were waitlisted. National data regarding transplant offers and refusals after waitlisting are limited. Thus, many questions persist regarding the context of reduced transplant access for minority children after waitlisting.
THE ROLE OF NATIONAL ALLOCATION POLICIES IN DISPARITIES
In 2012, Amaral et al. [10 && ] examined the effects of the Share 35 policy on racial/ethnic disparities in kidney transplantation access. Access to DDKT improved for all children with ESRD, but improvements varied by race/ethnicity (Fig. 1) . The probability of receiving a DDKT in the Share 35 (vs. pre-Share 35) era increased 81% for Hispanics (HR 1.81, 95% CI 1.48-2.21) vs. 45% for blacks and 37% for whites. In the Share 35 era (vs. pre-Share 35), Hispanics also received DDKT 201 days earlier after waitlisting (vs. 63 days earlier for whites and 90 days earlier for blacks).
The authors also examined whether children were receiving equal quality donors. They noted that in the pre-Share 35 era, Hispanics and blacks received higher degrees of HLA mismatching; however, after Share 35, there were no longer significant racial/ethnic differences in HLA mismatching. This disparity reduction resulted primarily from a 46% increase in the proportion of whites receiving an HLA mismatch of five or six (39.7% pre-Share 35 vs. 57.8% Share 35). Additionally, there was a shift from LDKT to DDKT for all races after Share 35; however, the shift was greater for Hispanics and blacks, with a 25% reduction in living donor for whites vs. 48% reduction for Hispanics and 46% reduction for blacks ( Fig. 2) have been less incentivized to attempt to overcome the barriers associated with obtaining living donors.
The present study highlights that when racial disparities in transplant access are examined, one must consider the full context of organ availability and suitability -not just time to organ receipt but also quality of organs. In addition, an important goal of reducing disparities is to distribute opportunities for optimal health equitably, regardless of race. Although Share 35 shortened pediatric wait times across races, the policy may not have been as effective in providing high-quality donors to all pediatric candidates. Mitigating racial differences by redistributing a greater proportion of HLA mismatching among whites receiving DDKT and shifting from living donor to deceased donor for all races may have deleterious long-term outcomes on graft survival [31, 32] . ] posit that the primary cause of disparities in pediatric kidney transplantation access between blacks and whites is 'a social environment that limits the availability of suitable organs and makes adherence more difficult for (black families)' compared with white (families). The authors delineate that health disparities are created when the resources available to achieve optimal health are unequally distributed. They emphasize that social structures, such as beliefs, attitudes and public policies, can substantially influence the distribution of 'resources necessary to pursue a healthy lifestyle' [33 & ]. The disparate distribution of these resources, including education, wealth, and employment, is the social determinant of health that influences the development of disease and subsequent access to healthcare. Patzer and McClellan [1] described a similar theoretical framework for racial/ethnic disparities in access to kidney transplantation for adults ( Fig. 3 ).
THE IMPACT OF THE SOCIAL ENVIRONMENT IN RACIAL DISPARITIES IN PEDIATRIC KIDNEY TRANSPLANT ACCESS
Moseley and Kershaw cite that a history of discrimination and racism has led to persistent societal bias in granting blacks access to desirable schools, jobs and neighborhoods [34] . Reduced access to these social benefits has resulted in a greater proportion of blacks living in poverty and experiencing reduced wealth, regardless of income [35] . The authors focus their examination of disparities on the lower rates of preemptive kidney transplantation for black vs. white children. Preemptive kidney transplantation, or transplantation prior to the need for dialysis initiation, is considered the optimal ESRD therapy, as it circumvents the increased morbidity and mortality associated with dialysis [36] [37] [38] . Moseley and Kershaw hypothesize five reasons for lower rates of preemptive kidney transplantation among blacks-all of which are created by circumstances of poverty and reduced access to optimal health care.
First, they cite the need for early recognition of advanced kidney disease to avoid dialysis. They suggest that black (vs. white) children present to nephrology care later in their disease course. Patzer et al. noted less pre-ESRD care among blacks and Hispanics vs. white children; however, whether minority children present later to nephrology care has not been definitively answered. Early access to care may be particularly important for blacks who appear to be at higher risk for reduced renal function as early as infancy. Among 152 US children with mean age of 1.5 years, blacks had lower estimated glomerular filtration rate (eGFR) than nonblacks [39] . Lower birth weight was significantly associated with lower eGFR among black (P ¼ 0.012) but not nonblack children (P ¼ 0.33). Factors that impact low birth weight include fetal exposures preceding conception and throughout pregnancy. A recent study suggested that SES (as measured by maternal educational attainment, income and marital status) was the single most important driving force of racial gaps in low birth weight [40] . It is unclear to what extent these early eGFR differences impact racial disparities in kidney transplantation access in childhood and throughout life, but this lends support to the hypothesis that the mechanisms by which SES influences disparities may begin early in life [1] . A second hypothesis for lower preemptive transplant among blacks vs. whites is family preference or distrust in the transplant process. Historical reports of black vs. white adults on dialysis reported such concerns [41] ; however, a recent pediatric study showed no difference by race or ethnicity in the percentage of children listed for DDKT because of family choice [7] . Further studies to explore family beliefs about preemptive kidney transplantation and donor source are needed.
Third, the authors propose that black children are less likely to complete the pretransplant evaluation. Adult data support this finding [42, 43] , but studies are lacking in pediatrics. Several adult transplant centers have instituted interventions to consolidate the transplant evaluation or provide additional support and education to promote evaluation completion [44] [45] [46] . These approaches show promise toward overcoming racial and SES disparities in the transplant evaluation process.
A fourth conceived explanation for disparities in access to preemptive kidney transplantation includes lower rates of transplant referral from nephrologists. Furth et al. [47] reported that nephrologists were more likely to refer white vs. black children, even when patients had similar profiles of nonadherence. Moseley and Kershaw point out that the social, economic and health stressors associated with poverty may undermine the ability to comply with the medical regimen.
Lastly, Moseley and Kershaw suggest that blacks have fewer suitable living donors. Blacks have higher rates of obesity, diabetes and hypertension compared with whites, which may lead to lower eligibility rates for living donation [24, 41] . Loss to follow-up of potential donors after initial contact is much greater among blacks vs. whites [48] . Because living donation incurs lost wages and necessitates social support, interested donors who live in poverty or are single care providers may feel unable to donate despite willingness. The issue of less suitable donors for minority children has been posited frequently as a potential cause of disparities in living donation; however, there is presently no literature to support this theory.
Moseley and Kershaw propose that one solution to address unfair social structures in the United States is to improve access to high-quality education across socioeconomic strata. A recent study from Western Europe lends some support to this approach. Schoenmaker et al. showed that even when universal health care coverage is provided, stark disparities in pediatric kidney transplantation access are evident: minority children in Belgium and the Netherlands stay on dialysis longer and are more likely to receive DDKT vs. LDKT [49, 50] . The authors found significant differences in the educational attainment of caregivers and posited education, cultural and language barriers as contributing factors to renal disease complications and the ability to adhere to medical regimens. Moseley and Kershaw invoke bioethicists to promote institutional and national public health policies that ensure equitable distribution of health care services among all patients, regardless of SES. Preliminary evidence from adult studies supports the efficacy of institutional policies that reduce barriers to completion of the transplant evaluation [44] [45] [46] . Nationally, Moseley and Kershaw cite inequity in the cessation of Medicare coverage for immunosuppressive medications 3 years after transplant because blacks are more likely to be Medicare-dependent. This perspective is particularly important in the present era of health care reform when the level of support for Medicaid and Medicare recipients is tenuous [51, 52] .
CONCLUSION
Racial and ethnic disparities persist along multiple steps of the pediatric kidney transplantation process. SES factors, including health insurance, neighborhood poverty and access to pre-ESRD nephrology care, contribute to barriers toward optimal health for pediatric minorities with ESRD. These barriers appear to increase for emerging adults (18-20 years), in which disparities are more pronounced than among children. Recent national allocation policy changes may have reduced disparities in kidney transplantation access for patients younger than 18 years; however, there may have been unintended consequences that may impact donor quality and future health outcomes. Additional research is needed to identify and target the root causes of disparities along the continuum of transplant access, including identifying the residual disparities in kidney transplantation access after waitlisting. Future policies that increase health care coverage and provide opportunities for better access to care may represent the most sustainable interventions to reduce disparities for children with ESRD, particularly for minorities who are more likely to have lower SES.
